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1. INTRODUCTION 

From the classic financial theory of Modigliani and Miller, hedges do not increase the value of the 
company because the capital markets are perfect. However, the existence of imperfections in markets such as 
financial difficulties where there are bankruptcy costs, generate that the hedges increase the value of the 
Company [1-3]. These preserves of financial difficulties encourage risk management to try to reduce the 
probability of default to obtain better financing with lower interest rates and greater debt capacity. This leads 
to greater benefits of tax shields and, in turn, lower financing costs [4]. For this reason, there is evidence in 
the scientific literature of the benefits of hedges such as the investigations of Joseph [5], Judge [6], Tai [7], 
and Dominguez and Tesar [8] and Jiménez, Acevedo and Castafio [9]. 

One of the key functions of risk management is to measure a possible loss. Using measured risk, a 
financial institution may have sufficient capital reserves to save a potential loss and then maintain normal 
financial activities when a market undergoes a downward movement in the near future [10]. 

Market risk is one of the main risks faced by financial institutions. Market risk refers to the 
uncertainty of profits at a future date that is caused by movements of financial market variables [11]. 
Other authors affirm that the risk is the possibility of losses generated by changes in the factors that affect the 
value of an asset [12, 13]. There is a wide range of financial instruments to mitigate market risk from the 
simplest strategy to the most complicated strategy [14]. Upward risk in an investment portfolio is a 
manifestation of market risk. The upward risk is the risk that the price in the future rises above the target 
expected by the investor and the purchase of financial instruments is made at a price more expensive than 
expected. This risk is measured from the perspective of the loss for investor buyers caused by adverse 
changes in market prices. 
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Financial derivatives are widely used by the financial management of companies. Among financial 
derivatives, the financial options that can be used for hedging and investment stand out. With the current high 
volatilities in the financial markets and the high degree of uncertainty in the general economic environment, 
financial options are adequate to mitigate market risk. With financial options, a large number of hedging 
strategies are created for any situation in the market [14]. 

The objective of this paper is to demonstrate the benefits of hedge with financial options on 
Colombia's COLCAP stock index for future investment portfolio buyers that replicate the index. This is done 
through two hedging strategies, the first with the traditional strategy of buying Call options and the second 
with a portfolio of options called Bull Call Spread. Geometrical Brownian Motion with the COLCAP price 
index and Monte Carlo simulation the best hedging strategy is determined modeled. 


2. RESEARCH METHOD 

An option is a contract that gives the option owner the right to buy or sell an underlying asset at a 
specific exercise price on or before a specific date. The seller of that option has the obligation to carry out the 
transaction when the owner chooses the option [15]. An option that gives the owner the right to buy at a 
specific price that is known as a purchase option; conversely, an option that gives the owner the right to sell 
at a specific price is known as a put option. The purchase of an option is known as a long position (or short 
position). Normally, a purchase option is exercised when the exercise price remains below the value of the 
active active market, while the purchase option is exercised when the price of the aesthetic exercise is applied 
to the market value [16]. When the expiration date of the option is synonymous with the exercise of the 
option, the buyer will lose to the seller the premium paid for the option. Therefore, the price of an option and, 
therefore, the price of an option, is the key to options trading strategies [15]. 

This paper determines through Monte Carlo simulation the best hedging strategy to mitigate market 
risk using two hedging strategies. The first strategy uses the call option purchase on the COLCAP stock 
index and the second strategy uses a portfolio of options called Bull Call Spread where a call option is 
purchased and a call option is sold with a strike price higher than the previous option. The Bull Call Spread 
strategy is shown in the Figure | where the red line represents the net result of combining the 
financial options. 
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Figure |. Hedging strategy bull call spread 


The first strategy is a plain vanilla strategy where the buyer is hedged by the increase in the price of 
the asset. So the strategy is to pay the premium of the option Call ATM (At The Money), in other words, the 
option provides a positive compensation to the buyer in the scenario where the price of the COLCAP index is 
above the strike price K, and that, in turn, this strike price is equal to the last known price of the COLCAP. 
The (1) shows the price hedged with the first strategy. 


Hedged Price option Call = —(—S; + max(Sy — K,, 0) — Call option premium) (1) 


The second hedge strategy is not part of the plain vanilla strategies because it is done with a 
portfolio of options. In that strategy, the buyer pays the premium for an ATM Call option, this option is the 
same as the first strategy, and receives the premium for selling an ITM Call option (In The Money) with a 
strike price K, that is higher than the current price COLCAP at $ 50. The (2) shows the price hedged this 
portfolio of options called Bull Call Spread. 
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The two hedging strategies are proposed from the point of view of the investor who will be a future 
investment portfolio that replicates the COLCAP stock index. This is a low-cost form of hedge because 
instead of covering each action with an option, it is covered with options on the index that replicates the 
behavior of certain actions. With this economy of scale you get better hedge for buyers. 

The financial instrument used for the two hedging strategies is the COLCAP stock index of the 
Colombian stock market. All the available daily data of the index are used to determine the average and the 
EWMA volatility of the logarithmic returns. The Figure 2 shows the behavior of the COLCAP from January 
11, 2008 to January 16, 2018 for a total of 2,685 trading days. 
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Figure 2. COLCAP stock index behavior 


The daily expected return for COLCAP is 0.012% and the daily volatility is 0.869%. The volatility 
was calculated by the EWMA (Exponentially Weighted Moving Averages) method, which gives more 
importance to the most recent observations. The weighting is granted by 4. According to the RiskMetrics 
methodology, a value of 0.94 should be used for A. The formula for calculating the EWMA volatility is 
shown in the (3) [17]. 


O, = (1 -A)yy + AG 1 (3) 


The EWMA volatility of period t depends on the profitability of the previous period (7,_,), of the 
volatility of the previous period (o,_,) and of the weighting used in lambda. 

The Monte Carlo simulation methodology is used to value the premiums of financial options. 
This methodology is to model the behavior of COLCAP a Geometric Brownian Motion with a neutral risk 
profitability. According to the modeling, the compensation that the option would have is determined, 
this compensation is taken to present value using the risk-free rate as the discount rate. Geometrical 
Brownian motion with Monte Carlo simulation is applied with 50,000 iterations and average compensation at 
present value is the value of the premium financial option [18, 19]. As shown in (4) shows Geometric 
Brownian Motion for option premium valuation. 
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(4) 

In the (4) S; corresponds to the modeled price of the COLCAP, where Sp is the current price of the 
asset. r is the risk free rate valid until period T. o is the volatility EWMA, At represents the period of time 
that the price will be modeled and ¢ is a random variable that has a normal distribution with zero mean and 
variance equal to one. 

The price of an option at maturity is the same as the expected value of the reward terminal, 
which means that there is no arbitrage and risk neutrality [20]. As shown in (5) shows the price for Call 
option and the (6) shows the price for Put options. 


Call = e~*" [max(S; — K, 0)] (5) 


Put = e~"" [max(K — S;,0)] (6) 
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The two hedging strategies were used for one month, that is, 20 stock days starting on January 16, 
2018. The Table 1 shows the data that was used to value the premiums of the options of the two strategies. 
The strike price of the first strategy is equal to the COLCAP price on January 16, 2018, this strike price was 
also used for K, in the second strategy and K, was $ 50 higher than Kj. 

After evaluating the options premiums, it becomes a model the price of COLCAP with geometric 
Brownian motion, but instead of r the average of logarithmic daily returns (41) is used. Monte Carlo 
simulation determines expected prices, percentiles and standard deviations for three scenarios: scenarios 
without hedge, with call option hedge and hedge with Bull Call Spread. 


Table 1. Data to Assess Financial Options 








VARIABLE VALUE UNIT 
So $ 1,391.34 COP 
r 4.25% Annual 
o 0.869% Daily 
At 20 Daily 
ky $ 1,391.34 COP 
ky $ 1,441.34 COP 





3. RESULTS AND ANALYSIS 

The Table 2 summarizes the results of the modeling and simulation for the scenario without 
hedge, scenario with hedge with only Call option and scenario with hedge with the Bull Call Spread 
options portfolio. 


Table 2. Results of Modeling and Simulation 








WITHOUT HEDGE CALL BULL CALL SPREAD 
Expected price $ 1,395.296 $ 1,395.785 $ 1,395,588 
Percentile 5% $ 1,307.349 $ 1,331.563 $ 1,325.100 
Minimum value $ 1,194.969 $ 1,219.183 $ 1,212.72 
Maximum value $ 1,650.476 $ 1,415.554 $ 1,618.227 
Standard deviation $ 54.49295 $ 29.78662 $ 37.94272 
Value paid for premium Does not apply $ 24.21414 $ 17.75083 


In the three scenarios, a similar price is expected to be approximately $ 1,395. However, to 
determine if market risk was mitigated, other factors must be analyzed. Effective hedge means that the 
possible prices are less dispersed and that the possible harmful scenarios are smaller. In other words, if the 
distribution of the possible prices does not depart much from the average, it means that it has lower volatility. 
In the Table 2, the 5% percentile of the scenario without hedge is the furthest from the average price than the 
two scenarios with hedge, this means that hedges manage to mitigate market risk. Between the two hedge 
strategies the most effective is the Call strategy because the 5% percentile is closer to the average price. 
The previous behavior is also found when analyzing the minimum value and maximum value. The above 
indicates that the best hedging strategy is the Call plain vanilla, this is also demonstrated with the standard 
deviation, between lower standard deviation, lower risk. 

On the other hand, the hedging strategy Bull Call Spread is less expensive because you pay less 
premium, this is because you buy an option on the combination of options and sold another. However, 
although the Bull Call Spread hedging strategy is less expensive, it is not the one that best mitigates market 
risk, but it is a good alternative for hedge when there is not enough budget at the time of making the decision 
to perform hedge. 

The Bull Call Spread hedging strategy is not better than the Call because when selling a Call option 
you are obliged to compensate the buyer in case the price of the asset closes above the K, price and when the 
price is above K, you have the right to receive compensation for having bought a Call. As regards the 50,000 
iterations of the Monte Carlo simulation, the average compensation to be received with the Bull Call Spread 
strategy is $ 23.56 and an average compensation of $ 6.18 will be paid, for a total of average compensation 
received of $ 17.38. In contrast, with the Call hedging strategy, compensation is only received when the 
COLCAP price exceeds the K, price, that is, an average of $ 23.56 would be received. This is why the hedge 
strategy with Call plain vanilla option is more effective. 
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4. CONCLUSION 

This paper presents two hedging strategies with financial options for buyers of investment portfolios 
that replicate Colombia's COLCAP stock index. The first strategy is with a Call plain vanilla option and the 
second with a portfolio of options called Bull Call Spread. To determine the best hedging strategy, Monte 
Carlo simulation is used to the Geometric Brownian Motion applied to the price of the COLCAP index. 

The market risk that is mitigated by the hedging strategies is the risk of rising stock prices in the 
Colombian market. The first strategy is to buy a Call option with a strike price equal to the COLCAP index, 
that is, ATM option. The second strategy is the purchase of the previous option combined with the sale of an 
ITM Call option with a strike price greater than the COLCAP index of $ 50. In the first strategy, the option 
premium must be paid, while in the second strategy this option is paid, but the payment of the second option 
premium is received. 

The two hedging strategies proposed mitigate the market risk for buyers who, within a month, will 
obtain an investment portfolio that replicates the COLCAP index. However, the best strategy is the first, 
although the second strategy is lower cost. This is due to the fact that greater value is obtained in 
compensation with the first strategy than with the second. In contrast, the second strategy is ideal when the 
investor does not have enough budget at the time of making the decision to cover the purchase of the 
investment portfolio. 
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